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I.  IUBCBOCIIOI 


A.  6111111 

Ibis  paper  results  froa  a  Headquarters  Marine  Corps 
4HQHC)  request  for  as  officer  attrition  aodel  based  on 
cconcsic  factors.  lie  aodel  will  replace  tbe  forcer  codel 
of  an  average  of  previous  years*  attrition.  The  acdel  will 
be  used  for  budget  and  pro  notion  planning  and  will  satisfy 
tbe  need  fer  aore  acccracy  in  these  projections. 

frevious  studies  in  this  area  have  suggested  that 
cconcaic  factors  are  chiefly  responsible  for  officer  attri¬ 
tion.  Ihe  purpose  cf  this  paper  was  to  expand  on  a  Center 
for  laval  Analysis  (CIA)  study  £Bef.  1]  and  develop  a 
regressicn  aodel  which  is  specific  to  each  officer  grade  and 
the  ccspcnents  withir  that  grade,  such  as  aviation  and 
ground.  Ihe  aodel  will  produce  an  attrition  rate  which, 
when  applied  to  an  average  annual  officer  strength  based  on 
total  Barbours,  would  give  a  prediction  of  attriticn  fer  the 
following  fiscal  year. 

1.  EACK6AC010 

i-  fsisnisalifii  la* iaUss 

In  deteraining  which  independent  variables  to  use 
in  developing  this  acdel,  a  great  deal  of  thought  vest  into 
deciding  exactly  what  makes  an  officer  leave  the  Harine 
Corps.  A  variety  of  ideas  were  discussed  with  cfficcrs 
ranging  in  rank  froa  lieutenants  to  generals.  Studies  were 
also  aade  of  inforial  surveys  of  foraer  officers  who 
returned  questionnaires  relating  to  their  decision  to 
resign.  Ihe  results  of  this  research  narrowed  choices  of 
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variables  tc  three  categories:  Military  pay,  the  ecctoiy, 
and  pzcrcticn  potential.  Pzoaotion  potential  indices  are 
being  developed  at  this  time  which  will  give  an  indication 
cf  an  officer* s  potential  for  advanceaent.  These  indices 
coaid  he  need  in  a  binary  choice  attrition  nodel  in  the 
future.  Incept  at  very  lev  grade  levels  pay,  a  point  of 
dissatisfaction  with  aany  officers,  did  not  ccrrclate 
strongly  with  an  officer* s  decision  to  leave  the  service 
when  need  as  the  independent  variable  in  a  linear  regression 
on  attriticn.  In  erder  to  test  the  influence  cf  ether 
economic  variables  on  attrition,  a  variety  of  variables  were 
developed  that  would  indicate  trends  in  econoaic  activity, 
laong  thea  were  lanaccri&l  unesployaent,  professional  tech¬ 
nical  uncaployaect,  ccnsuaer  price  index,  and  GBP.  Cats  for 
these  variables  were  obtained  froa  the  Oepartaent  of 
Ccaaerce  and  library  research.  1  ratio  of  civilian  to  sili- 
tary  pay  developed  by  the  Center  for  Haval  Analyses  was  also 
used  £fief.  2].  Best  of  these  variables  are  self- 
cxplanatcry,  but  professional- technical  unesployaent  is 
identified  by  the  lepartaent  of  Coaaerce  as  uneaplcyacnt 
aaong  lawyers,  pilots,  ccaputer  specialists,  teachers, 
prograaaers,  etc.  £Scf«  3]. 

The  priaary  difficulty  encountered  in  dcing  this 
project  vas  obtaining  sufficient  data  points  with  which  to 
run  a  aeaningful  regression.  The  reason  for  this  difficulty 
was  the  state  of  the  Barine  Corps  autoaated  data  reporting 
systec  prior  to  197€.  During  the  period  1970  to  1S7E  the 
Barine  Corps  was  instituting  its  first  autoaated  personnel 
reporting  systea.  Bany  difficulties  were  encountered  during 
this  period  and,  as  a  result,  data  froa  this  peried  is 
cxtrecely  unreliable.  Data  at  the  Defense  Banpowcr  Data 
Center  is  based  on  input  froa  HQBC  and  after  careful  study 
was  found  tc  have  sitilar  probleas.  Add  to  this  the  attri¬ 
tion  prcblcas  of  the  Pietnaa  Bar,  and  the  probleas  in 


extending  tie  data  bane  were  insurmountable  for  the  purposes 
cf  this  paper.  The  Karine  Corps  system  was  amended  in  1S76 
and,  by  1977,  the  system  was  reporting  data  with  over  95 
percent  accuracy. 

Ihe  statistical  software  programming  system  used  in 
building  the  model  was  the  SAS  Institute's  Statistical 
Analysis  Sjstem  {fief.  4].  Problems  with  autocorrelation 
were  identified  and  resolved  using  the  Hildreth-Lu  proce¬ 
dure.  {fief.  5]«  Bedel  fits  were  exceptionally  geed  by  F 
statistic  and  B-sguared  standards.  Ihe  model  is  currently 
being  used  by  HQflC  tc  determine  officer  losses  for  FI  84  and 
will  serve  as  the  basis  for  further  development  intc  an 
expanded  scdel. 

2-  iSifi  91  SkS 

Ihe  predictions  free  this  model  will  be  used  in 
several  ways.  Ihe  first,  which  is  being  prepared  at  this 
moment,  is  the  prediction  of  expected  manpower  levels  fer  FY 
1984.  ibis  is  an  annual  process  in  which  expected  attrition 
detersincs  expected  accession  requirements  and,  hence, 
officer  recruiting  gcals.  Frcm  these  figures  the  manpower 
budget  is  then  deter lined. 

Ihe  preparation  of  promotion  zones  is  another  use  of 
this  scdel.  Hith  an  accurate  prediction  of  attrition, 
eligibility  zones  car  be  determined  well  in  advance  thus 
facilitating  Karine  Corps  planning  as  well  as  officers' 
perscnal  planning.  ether  areas  affected  by  this  model  will 
be  scbccl  guotas  and  retention  bonuses,  such  as  Aviation 
Cfficer's  Continuation  Pay. 

3-  fcfegjfifi  Si  fi&SiSJSiSfi 

Ihe  primary  reasons  for  choosing  a  regressicn  sodel 
in  this  case  were  siiplicity  and  the  sparsness  of  data. 
Ihe  todel  will  be  used  by  mathematically  unsophisticated 


officers  whe  have  little  or  no  desire  to  sanipulate  coiplex 
■atheistical  expressless  or  tc  do  exteasive  coaputer  work. 
Sith  a  regression  aodel#  answers  are  provided  which  express 
as  easily  understood  relationship  between  a  cause  and  an 
effect#  which  in  this  case  are  uneaployaent  and  officer 
attrition  rates. 

factors  for  an  ACOl-type  aodel  were  not  developed 
because  of  an  intuitive  error  in  this  type  aodel  as  it 
applies  to  fiarire  Ccxps  officers.  The  iCOL  type  acdels 
relate  voluntary  attrition  tc  variations  in  ailitary  and 
civilian  ccipensation.  Essentially#  the  ACOL-type  acdels 
say  as  individual  will  leave  the  ailitary  if  he  senses  an 
erosicn  is  his  presest  coapessation  in  relation  to  civilian 
coapensatior  which  presages  as  erosion  of  future  benefits 
[fief.  6].  However#  flarine  Officer  aotivation  for  ccntinued 
service  is  rot  based  cn  aonetary  rewards  as  auch  as  it  is  a 
variety  of  other  factors  such  as  patriotisa#  pride  in 
service#  and  a  basic  satisfaction  with  his  standard  of 
living  that  is  acceptable  given  an  opportunity  tc  continue 
in  service.  The  ACCI  aodel  presuaes  that  an  officer  is  a 
reascnable  nan  in  the  legal  or  econoaic  sense#  and  that  he 
will  weigh  the  financial  benefits  of  ailitary  service  versus 
civilian  life#  and  whichever  becoaes  acre  favorable  will  be 
his  career  of  choice.  In  this  author's  experience  Marine 
Officers  nabe  an  sectional  ccaaitaent  to  service  and  tend 
to  reiais  is  service  until  they  have  reached  their  goals  or 
have  deterained  that  they  no  longer  have  a  possibility  cf 
reaching  then.  This  intuition  was  confiraed  by  regressions 
cf  attrition  on  civilian  to  ailitary  pay  ratios  which  show 
little  explanatory  peuer. 
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1.  A1XB1X2CH  Dili 

It  vas  necessary  to  first  explore  alternative  sources  of 
data  before  beginning  the  analysis  because  of  the  probleas 
senticned  in  Chapter  One  concerning  the  Marine  Corps  offi¬ 
cial  data  base.  ?he  Defense  Manpower  Data  Center  (£H£C) 
■aintains  data  files  cn  all  DCD  personnel,  both  active  and 
inactive.  Pros  these  files  IMDC  is  capable  of  extracting 
data  cn  tbe  nuabcr  of  officers  and  their  grade  attriting  in 
any  one  year.  Piles  cn  Marine  Corps  officers  extend  back  to 
1971  and  include  unxcstricted  officers  as  well  as  liaited 
duty  cfficers.  Data  subaitted  to  DMDC  by  the  Marine  Corps 
were  obtained  froa  tbe  Marine  Corps  personnel  reporting 
systet.  Ihe  difficulties  with  the  data  were  a  result  of  tbe 
reporting  systea  prior  to  1977.  Attrition  data  were  suaaer- 
ized  cn  a  seal- annual  basis  by  HQHC  and  sent  via  tape  to 
CMDC.  Since  the  reporting  systea  at  this  tiae  was  approxi- 
aatcly  six  xontbs  in  arrears,  tbe  probleas  of  deteraining 
exactly  when  a  Harixe  left  tbe  service  were  difficult  to 
resolve.  Eecause  of  tbe  probleas  in  tbe  HQHC  data  it  vas 
expected  that  siailar  probleas  would  occur  in  tbe  DMEC  data, 
but  ar  atterpt  was  aade  to  resolve  these  difficulties.  By 
tailing  an  overall  list  of  attrition  froa  1971  to  1983  it  vas 
hoped  that  the  data  could  be  reduced  to  annual  attrition 
data  by  suxaarizing  tbe  data  by  separation  dates.  Ihe 
results  obtained  froi  this  effort  were  distinctly  different 
froa  EQMC  data  for  tbe  saae  period.  Part  of  the  difference 
can  be  attributed  to  tbe  Department  of  Defense  (DOD)  ceding 
systci  which  identifies  tbe  reasons  for  an  individual's 
attrition  and  part  to  the  residual  effects  of  the  Vietnaa 


Bar.  Further  coapounding  the  problem  were  instances  c£  lest 
tapes  and  duplication  cf  nance.  Differences  between  CCD  and 
flarinc  Corps  coding  systems  caused  additional  prcbleas  of 
differentiation  between  unrestricted  officers  and  liaited 
Duty  Cfficcrs.  The  result  of  these  data  problens  was  to 
disallow  the  use  of  attrition  data  froa  years  prior  to  1977. 

The  data  actually  used  were  obtained  froa  HQHC  (Officer 
Hans  Section)  and  dates  froa  Fiscal  lear  1977  through 
Fiscal  lear  1983.  1c  ensure  accuracy  of  this  data,  an 
intersiwc  effort  was  aade  by  the  Officer  Plans  Secticn  to 
verify  the  data  by  ccsparison  with  data  aaintained  indepen¬ 
dently  of  the  personnel  systea.  The  data  are  in  the  fera  of 
total  attrition  and  average  strength  for  a  given  fiscal 
year.  The  average  strength  is  coaputed  by  using  nan- hours 
totaled  ever  the  year  and  divided  by  the  nuaber  of  days  in  a 
year.  Froa  this  inferaation  the  annual  attrition  rates  were 
then  confuted.  These  data  are  listed  in  Table  I  by  rank, 
confcsent,  and  year. 

f.  ZCC1CBIC  DAT! 

Zccncaic  data  were  obtained  prinarily  frea  the 
Statistical  Office  cf  the  Department  of  Coaaerce.  In 
farticular,  all  uncsployaent  inforaation  was  provided  by 
this  source.  The  data  were  available  in  several  forms 
including  the  raw  nunber  of  unemployed  and  the  total  number 
in  the  werk  category,  as  well  as  percentages  of  uneafloyed 
in  each  work  category. 

Daeaploynent  data  appear  in  a  large  nuaber  of  categcries 
reflecting  the  enoraous  variety  of  occupations  in  this 
country.  Previous  studies  on  this  subject  by  CNk  used  only 
the  figures  for  gress  uneaployaent  of  Bales  over  age  18 
{Bef.  7].  Intuitively  it  was  not  reasonable  that  this 
neasure  would  acccrately  reflect  attrition  of  flarine 
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.034 

.032 

.025 

.019 

Tctal 

11CC1 

.122 

.155 

.138 

.119 

.117 

.105 

.086 

BA  JOE 

.078 

.C85 

.080 

.072 

.072 

.040 

.047 

C1ET 

.096 

.  123 

.124 

.122 

.112 

.090 

.093 

1STII 

.166 

.176 

.147 

.123 

.109 

.102 

.099 

Officers  iiiic  are  primarily  leaders,  or  in  civilian  teres, 
sanagers.  Those  officers  Mho  do  not  fall  in  the  Managerial 
categczy  are,  for  the  aost  fart,  technically  oriented  or 
pilots.  fox  this  reason  the  author  exaained  certain  sub- 
categcrics  cf  uneifloyaent  such  as  Managerial/ 
administrative,  aviation,  and  Frofessional/technical.  These 
categcrics  are  defined  in  detail  in  Chapter  Four  belcM  and 
relate  closely  to  the  types  of  work  for  which  Marine 
Cfficexs  are  gualified.  The  economic  data  showing  signifi¬ 
cant  relation  to  Haiine  Cfficer  attrition  based  or  linear 
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I  ear 

OB 

OBI 

_P1 

PI1 

PAY_ 

GBP 

CPI 

1971 

.028 

.031 

.030 

.032 

1.036 

5.3 

6.5 

1 S78 

.021 

.028 

.026 

.030 

1.024 

4.4 

7.6 

1979 

.021 

.021 

.024 

.026 

1.000 

2.3 

11.5 

1980 

.024 

.021 

.025 

.024 

1.000 

-.2 

13.5 

1981 

.027 

.024 

.028 

.025 

1.050 

-.3 

10.2 

1981 

.036 

.027 

.033 

.028 

1.045 

-.8 

6.0 

1961 

.035 

.036 

.031 

.033 

1.022 

B/A 

H/A 

regression  analysis  aze  listed  in  Table  11  under  the  vari¬ 
able  rases  DM  (sanacerial  administrative)  and  PI  (prefes- 
sional  technical).  lhe  variables  OBI  and  PI1  in  lable  11 
are  the  variables  OB  and  PT  lagged  by  one  year. 

Eesearch  at  the  Pentagon  library  and  at  the  Baval 
Postgraduate  School  provided  additional  information  cn  unem- 
ploysent  categories,  as  veil  as  data  on  civilian  and  sili- 
tary  pay.  The  actual  data  on  pay  used  in  the  acdel  vas 
obtained  free  a  Center  for  Baval  Analyses  study  £Bef.  8]. 
The  study,  by  Kathleen  Otgoff,  computed  pay  as  a  ratio  of 
civilian  and  ailitary  pay  indices.  The  indices  vere 
computed  by  choosing  1980  as  a  base  year  and  dividing  each 
year  in  the  sample  by  the  value  for  1980.  The  civilian  pay 
index  vas  computed  is  the  same  way  using  1980  as  the  base 
year.  lhe  ratio  of  these  two  indices  then  shoved  a  contin¬ 
uing  relationship  between  civilian  and  military  pay.  This 
data  is  listed  under  the  variable  name  PAX  in  Table  11  . 
tat a  cn  the  gross  national  product  (GBP)  and  the  consumer 
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a.  imsvizBs 

Procedures  followed  in  developing  this  nodel  were  stan¬ 
dard  data  analysis  acthods  learned  at  the  Haval  Postgraduate 
School.  Ihe  first  step  in  the  process  was  an  intuitive 
stud]  of  tie  problea  in  which  the  analyst  deteraines  froa 
background  inforaaticn  what  factors  sight  have  a  logical 
effect  cn  the  result  he  is  trying  to  predict.  Since  the 
purpose  of  this  study  was  to  deteraine  what  econoaic  factors 
tight  influence  officer  attrition,  the  search  for  causes 
began  in  this  area.  lo  acccaplish  this  step,  a  series  of 
interviews  was  held  with  a  variety  of  senicr  officers  at 
BQHC,  including  the  officer-in-charge  of  the  Harine  Corps 
Cfficcr  flans  Section,  the  Director  of  Officer  Career  plan¬ 
ning,  and  a  nuaber  cf  assignaent  aonitors.  All  of  these 
individuals  deal  with  officer  career  patterns  on  a  daily 
basis  axd  all  had  strong  opinions  as  to  the  reasons  for 
officer  attrition.  (It  is  iaportant  to  note  that  these  offi¬ 
cers  were  all  near  retireaent  age.)  Additionally,  they 
provided  a  variety  of  other  insights  as  to  the  officer  Bind 
set  regarding  his  career  choices,  fiesults  froa  these  inter¬ 
views  shewed  a  general  disagreeaent  on  which  particular 
econciic  factor  was  aost  iaportant  in  influencing  an  offi¬ 
cer's  decision  to  leave  the  service.  Hone  aentioned  unea- 
ployaent,  bet  aost  selected  pay,  benefits,  and  the  eccncay 
in  general  as  significant  factors  in  attrition.  Aside  froa 
these  econoaic  factors,  one  itea,  the  potential  for 
continued  proaotion,  was  aentioned  by  alaost  everyone.  In 
sua,  their  feeling  was  that  an  officer's  success  was  the 
deteriining  factor  as  to  whether  he  left  the  Harine  Corps. 


These  officers  did  feel,  ho never,  that  the  economy  had  scae 
effect  cjq  the  timing  of  an  officer *s  departure  frea  the 
Marine  Ccrps. 

lie  author  received  several  years*  worth  of  guestion- 
saires  irci  the  Career  Planning  section  which  had  been 
collected  froa  Lieutenant  Colonels  who  had  recently 
resigned.  There  were  approximately  180  of  these  packages. 
Beading  through  the  cuestiennaire  answers  and  the  acccmpa- 
nying  written  narratives  provided  an  invaluable  gliapse  into 
the  thoughts  of  aen  who,  at  the  tiae  of  writing,  had  Jest 
aade  the  decision  to  leave  the  service.  Zn  general,  there 
were  two  reasons  why  these  aen  left  the  service  when  they 
did.  lie  first  was  that  they  felt  the  tiae  was  right  for 
thea  to  take  the  choice  of  continued  service  until  they  were 
either  selected,  or  passed  over  for  Colonel,  or  resign  and 
pursue  a  second  career.  (All  were  20-23  year  retirees.) 
Their  concern  was  that  staying  on  in  the  Harine  Corps  past 
age  45  wculd  reduce  their  chances  for  obtaining  satisfactory 
eaplcyaent  when  they  eventually  retired.  This  was  based  on 
the  feeling  that  officers  fres  the  42-45  year  old  age  greup 
would  have  a  significantly  reduced  chance  of  being  hired  by 
a  coapany  in  which  they  cculd  continue  to  progress.  Ihe 
second  aajor  factor  in  the  officers*  decisions  was  their 
cpinicn  that  they  had  reached  their  presotion  limit.  Bith 
the  assumption  of  siriaal  potential  for  promotion,  their 
best  financial  option  was  tc  apply  the  logic  in  the  previous 
paragraph  and  leave  the  Marine  Corps. 

Based  on  the  afereaentioned  interviews  and  personal 
experiences,  the  author  began  an  analysis  of  the  officer  as 
he  moves  through  his  career.  It  was  readily  apparent  that 
there  were  key  perieds  in  which  an  officer  was  aost  likely 
to  leave  the  service.  These  periods  were  based  on  proaction 
points  in  the  service.  Under  normal  circuastanccs, 
lieutenants  are  proicted  tc  Captains  in  the  fifth  year  of 
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coaaissicaed  service#  Captains  to  Majors  daring  the  tenth 
Imc,  Bajcrs  to  Lieutenant  Colonels  daring  the  sixteenth 
year  of  service#  and  lieutenant  Colonels  to  Colonels  daring 
the  twenty-second  year  of  service.  Integrating  this  with 
the  fact  that  retireicnt  benefits  are  not  achieved  until  the 
tventieth  year  cf  tctal  service  yields  a  brief  picture  of 
the  presetiens  in  a  B arise  Officer's  career.  The  fcllcving 
paragraphs  give  a  sore  detailed  discussion  of  each  rank. 

lieutenants  noraally  have  a  four  or  five  year  initial 
tern  cf  service  depending  on  their  soarce  of  coasissicn  and 
cospcnent  (air  or  greund).  Essentially#  no  aviaticn  lieu¬ 
tenants  leave  the  service.  This  is  because  of  their  lenger 
initial  tern  of  service#  which  causes  then  to  reach  the 
grade  of  Captain  befere  they  attrite.  Aviation  lieutenant 
attriticr  is  purely  a  functicn  of  accidents#  illness#  and 
disciplicary  problem  and#  conseguently#  was  not  sodded. 
Ground  lieutenants  houever#  do  attrite  in  significant 
nusbers  as  the  length  of  service  reguireaents  for  then  are 
such  less  severe.  Attrition  in  this  grade  is  based  cn  an 
individual's  analysis  of  his  future.  Presuaably#  the  funda- 
sental  guestion  is  oxe  which  results  in  a  choice  cf  a  uni¬ 
tary  or  civilian  life  based  cn  his  goals  and  aabitions. 
Eccausc  the  perceptions  of  the  attainability  of  these  goals 
Bust  reasonably  lessen  during  an  econosic  downturn  the 
econcsy  should  have  a  significant  effect  on  an  officer's 
decision  to  stay  or  leave.  If  the  econony  is  depressed  it 
is  a  difficult  tine  fer  an  officer  to  leave  the  security  of 
the  silitary#  especially  when  there  is  a  high  probability  of 
extending  his  service  by  one  of  several  short  tera  agree- 
seats.  These  agreeients  can  extend  a  selected  officer's 
service  to  a  sore  favorable  period  of  tine  for  his  exit. 
Additionally#  there  is  a  ssaller  chance  of  obtaining  a 
regular  ccsiissicn  which  would  extend  his  service  until  he 
resigns  or  is  passed  over  for  proaotion  two  consecutive 
tines. 


ret  Captain*  that*  i*  a  auc h  greater  period  of  flexi- 
bilitj  given  that  they  are  regular  officers,  or  reserves 
with  an  extension  of  service  agreeaent.  Since  Captains  are 
pronctcd  at  five  years  of  conaissioned  service  and  are 
cither  passed  over  fer  or  proaoted  to  flajor  by  their  elev¬ 
enth  year  of  service,  an  individual  aay  leave  the  service 
voluntarily  at  any  pcint  in  a  period  of  over  six  years. 
Sithic  this  period  cf  six  years  a  Captain  will  have  great 
flexibility  in  asking  two  key  decisions.  The  first  is 
uhether  cr  sot  tc  rexais  in  the  flarine  Corps.  The  seccnd  is 
vhen  he  will  leave  tic  flarine  Corps  if  he  decides  to  resign. 
Cnee  the  first  is  decided,  the  tiaing  of  the  seccnd  will 
depend  cn  his  ability  to  obtain  satisfactory  eaployaent. 
This  cf  course  kill  depend  on  the  econoay  as  veil  as  his 
skills. 

Rith  the  rank  of  flavor  the  problea  is  sisplcr. 
fre-lCffll  (Cefense  Officer  Peracanel  flanageaent  Act)  Bajcrs 
have  a  guaranteed  length  of  service  of  twenty  years  coaais- 
sioned  service.  Since  they  are  proaoted  during  the  tenth 
and  eleventh  years  cf  coaaissioned  service  and  arc  either 
passed  ever  or  selected  for  lieutenant  Colonel  in  their 
sixteenth  tc  twentieth  years  of  service,  they  have  a  period 
cf  six  tc  ten  years  in  which  to  sake  a  decision  abcut 
leaving.  Eost-DOPAl  Hajor s  dc  not  have  a  guaranteed  length 
cf  service  of  tuent]  years  but  there  are  provisions  which 
allow  the  retention  cf  these  officers  on  active  duty  based 
cn  their  skills  and  the  findings  of  a  special  board.  Since 
COPflA  has  cnly  affected  twe  jear  groups  it  is  difficult  to 
see  hew  it  will  affect  the  attrition  of  flajors.  By  the  tiae 
cfficers  sake  the  rank  of  flajer  aost  have  coaaittcd  thea- 
selves  fer  a  twenty  pear  tera  of  service.  By  reaching  the 
tventy- year  retireaent  point  they  assure  theaselvcs  cf  a 
very  satisfactory  retiresent  prograa. 
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It  tit  sixteenth  year  of  service#  a  Major  is  first 
eligible  fcr  selecticr  to  Lies tenant  Colonel.  She  selection 
process  nay  be  repeated  for  four  years  until  the  officer  is 
either  pzcacted  cr  passed  over  and  retired  at  twenty  years 
cf  service.  During  this  later  period  it  is  very  unlikely 
that  any  Major  will  leave  the  service  unless  he  has  prior 
enlisted  service  which  would  help  hi a  achieve  twenty  years 
of  service  early.  lieutenant  Colonels  probably  have  the 
aost  flexibility  of  all  officers.  They  are  usually  pzcsoted 
at  sixteen  years  of  ccanissicsed  service  and  nay  continue  in 
service  until  the  twenty-sixth  year  of  service.  it  any 
point  after  their  third  year  in  grade  they  nay  retire 
although  it  is  conxidered  econoaically  foolish  to  leave 
before  zctireaent.  Proa  nineteen  years  of  service  cn# 
however#  the  Lieutenant  Colonel  can  pick  his  tine  tc  leave, 
lost  aen  at  this  stage  of  life  would  not  leave  unless  they 
had  a  jcb  cither  already  arranged  or  the  econoay  was  in  such 
a  condition  that  obtaining  a  job  was  not  difficult. 

The  result  of  the  above  discussion  is  that  Marine 
Cfficers  aake  their  decisions  to  leave  the  service  for 
reascas  generally  unrelated  tc  the  econony.  The  tiaing  of 
their  decision#  however#  is  directly  related  to  the  eccncay 
since  they  invariably  reguirc  eaployaent  soon  after  their 
departure  froe  the  service.  Thus  a  poor  econoay  will  reduce 
the  attrition  of  flaziae  officers#  while  a  robust  econcay 
will  cause  attritioz  to  increase  given  that  these  is  a 
substantial  pool  of  cfficers  who  have  aade  the  decisicn  to 
leave  at  any  given  tiie. 
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I.  Sill  11 1X1  SIS 

Cat a  analysis  for  this  project  was  guided  by  the  intui¬ 
tive  analysis  of  the  probles  given  in  the  previous  chapter. 
Ihe  analysis  pointed  this  research  toward  a  particular  set 
of  variables  which  were  then  examined  by  the  author  with 
the  interticn  of  deteraining  relationships  between  ther  and 
cfficcr  attrition. 

1.  Scatter  clot  analysis 

Ihe  next  step  in  this  process  was  to  verify  the 
intuitive  relationships  between  the  prospective  independent 
and  dependent  variables  by  visual  inspection.  This  was  dene 
using  scatter  plcts  cf  the  data.  1  scatter  plot  is  a  sisple 
plotting  of  two- di sessional  data  on  (x#y)  coordinates  using 
a  specified  scale.  In  this  case#  attrition  data  was  plotted 
cn  the  y  coordinate  versus  a  variety  of  econoaic  data  on  the 
x  coordinate.  Ihe  resulting  set  of  points  should  show  scae 
type  cf  a  pattern  if  there  is  a  relationship  between  the  two 
variables.  The  patterns  could  have  a  variety  of  shapes  but 
in  the  case  of  this  data  they  aost  likely  will  be  linear  in 
fora.  If  they  are  linear  then  the  hypothesized  cause  and 
effect  relationship  is  easy  to  observe  between  the  twe  vari¬ 
ables.  Ihe  actual  plcts  were  constructed  using  IBH's  exper- 
iaental  graphics  software#  Grafst3#  in  the  HP S  graphics 
rooa.  Specific  functions  used  were  the  Scatter  Plot 
lnalysis  for  the  scatter  plots  and  General  Plot  for  the 
linear  ccaparisons. 

Scatter  plots  were  run  on  officer  attrition  versus 
the  cconcsic  variables  defined  in  Chapter  II  as  well  as  the 


xates  of  change  of  the^  versos  the  rates  of  change  of 
cfficer  attrition.  The  aost  significant  relationships 
occurred  between  the  various  for as  of  uneaployaent  and 
cfficer  attrition.  Also  notable  was  variation  in  these 
relationships  with  respect  to  officer  grade  and  coapcnent. 
In  conjunction  with  the  scatter  plots  the  econoaic  factors 
and  the  attrition  rates  were  also  plotted  on  one  scale 
versus  each  year  since  1977.  This  allowed  a  direct  cctpar- 
ison  between  the  two  factors  and  served  to  further  illus¬ 
trate  the  relationship.  Figure  4.1  contains  a  saaple  of  the 
graphs  for  lieutenant  Colonel,  Ground.  lote  that  a  least 
sguarcs  regression  line  has  been  included  in  the  scatter  to 
caphasizc  possible  relationships.  Only  the  variables 
finally  chosen  for  the  aodel  were  displayed  on  the  plots. 
The  reaainder  of  tbc  plots  for  the  chosen  variables  are 
displayed  in  Appendix  A.  After  conparing  the  regression 
fits  fer  all  variables,  1  decided  to  use  the  variables  OH 
and  Oil  in  ay  regression  equations.  Additionally  the  vari¬ 
able  fl  was  lost  due  to  its  redefinition  by  the  Departaent 
of  Coiaerce  in  1983. 

Host  of  these  plots  show  a  strong  correlation 
between  uneaployaent  in  general  and  Harine  Officer  attri¬ 
tion.  The  correlation  between  aviation  officer  attrition 
and  uneaployaent,  however,  was  such  weaker.  This  was  caused 
by  the  initiation  of  Aviation  Officer  Continuation  Pay  in 
1981  which  gives  a  large  bonus  of  as  auch  as  $6,000  per  year 
for  sir  years  to  aviation  officers  electing  to  continue  in 
service.  The  prograa  applied  to  all  ranks  provided  the 
individual  aet  certain  active  duty  in  flight  status  reguire- 
aents.  This  action  by  000  has  had  its  desired  effect,  and 
alaost  500  officers,  are  continuing  in  service  (including 
fifty  lieutenant  Colonels  who  otherwise  would  not) .  This 
accounts,  in  part,  for  the  draaatic  reduction  in  attrition 
rates  for  aviation  lieutenant  Colonels  in  1983  and  for  avia¬ 
tion  Eajcrs  and  Captains  in  1982  and  1983. 
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1  second  difficulty  was  the  inability  to  distin¬ 
guish  between  voluntarily  separated  officers,  and  those  who 
separated  because  of  their  inability  to  obtain  one  of  the 
liaited  nuaber  of  service  extensions.  This  difficulty  was 
cost  apparent  in  the  Ground  and  Total  categories  of 
lieutenants.  Because  of  the  great  nuabers  of  officers 
leaving  tbe  service  in  this  grade,  the  effect  of  the  unca- 
ployaent  cycle  os  attrition  is  auted  and,  thus,  is  net  as 
apparent  as  in  other  ranks.  Aviation  lieutenants  were  not 
included  in  the  aodel  because  an  analysis  of  the  data 
disclosed  that  few  (about  nineteen  per  year)  ever  attrited, 
and  those  who  did  were  separated  as  the  result  cf  courts 
aartials  cx  for  nodical  reasons.  Based  on  the  above  plot, 
and  others  not  shown,  the  variables  described  below  were 
selected  fox  further  evaluation. 

2.  isjsiiBUaa  si  Uik&hl&a 

a.  Hanagerial/Adainistrative  Oneaploynent  (OB) 

This  is  aanagerial  and  adainistrative  ureaplcy- 
aent  and  as  the  naae  iaplies,  includes  executives,  aanagers, 
and  adainistrators.  Iron  this  variable,  two  other  lagged 
variables  were  created  and  naaed  OBI  and  0B2  (only  OBI  is 
displayed  in  Table  II).  The  nuaber  indicates  that  variable 
OB  has  been  lagged  ere  or  two  years  respectively. 

b.  Professicral  Technical  Oneaployaent  (PT) 

This  category  of  uneaployaent  includes  lawyers, 
teachers,  coaputer  specialists,  airline  aechanics,  and 
pilots.  It  is  also  ccaputed  by  the  Oepartaent  of  Coaaerce 
and  is  lagged  by  one  and  two  years  in  the  variables  Pit  and 
fT2  (cnly  f  11  is  displayed  in  lable  II) .  This  variable  was 
very  significant  in  the  first  runs  of  Captain,  Ground  and 
lotal.  The  Oepartaent  of  Ccaaerce,  however,  has  radically 


altered  this  category  ox 
of  tie  1980  census  to  t 
consistent  with  the  jears 
unusable  in  this  predictiv 


E.  EISXC  BIGBBSSIOB  BODBL 


lie  tie cry  of  regression  oust  be  understood  before  tie 
evaluation  cf  tie  results  can  begin.  lie  purpose  of  regres¬ 
sion  is  to  validate  a  tieoretical  relationship  between  a 
given  fact  and  a  piece  or  pieces  of  information  on  which  it 
say  be  dependent.  Mfiunning  a  linear  regression"  is  the 
procedure  by  which  tie  coefficients  to  the  variables  in  tie 
expression  will  be  obtained: 

I  (i)  *  a  ♦  hl(i). 

This  establishes  tie  linear  relation  between  the  l  and  Y 
variables.  Assuapticns  aade  in  deteraining  this  acdel  are: 

(1)  Ibexe  exists  a  population  of  I  values  for  each  X; 
the  populaticr  randca  variable  corresponding  to 
]<i)  is  X(i) . 

(2)  E<X(i))«  a  ♦  bX(i)  for  each  X  (i)  (i.e.,  tie  value 
cf  X  that  is  expected  for  each  X  (i)  is  given  by 
tie  expressicn  a  ♦  bX(i)}. 

(3)  Yar(I(i))  *  sigaa  sguared  for  each  X(i). 

(4)  Ihe  errors  of  ebservation  (residuals)  are  uncor- 
related  and  ncraally  distributed  £Hef.  9]. 

C.  I1ZBI1XS  07  MB  SIS  OUT  SOI 

lc  acccxplisb  the  analysis  of  these  variables  the  SIS 
Institute's  regression  analysis  prograas  were  used.  figure 
4.2  is  ax  exaaple  of  tie  output  froa  one  of  these  prograas. 
liey  provide  accurate  output  with  a  wide  variety  cf  func¬ 
tions.  SIS* 8  ease  of  use  and  availability  were  prise 
factcxs  is  its  choice  for  the  regression  analysis. 
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Figure  4.3  is  as  exaxple  of  the  SIS  prograa  used  tc  produce 
the  regressions. 

In  reviewing  the  xesults  of  the  SAS  output  a  variety  of 
teraa  till  he  used  tc  desex ihe  the  aodel  and  its  fit  tc  the 
data  as  tell  as  its  ability  tc  pxedict  the  future  based  on 
estiaates  of  the  independent  variable.  A  brief  description 
cf  these  terns  follcts. 

1 -  I  ISlUS 

A  statistic  used  to  test  for  a  linear  relation 
between  the  independent  and  dependent  variables  of  the 
xegressicn  equation.  If  the  linear  relationship  is  strong 
we  expect  that  this  value,  a  ratio  of  explained  to  unex¬ 
plained  variances,  tc  be  large. 


SE2 


where : 


is  siiply  the  square  root  cf  the  unexplained  variance.  As 
used  in  SAS  the  F  statistic  aeasures  the  explanatcxy  power 
that  a  variable  contributes  to  the  aodel.  In  dcing  so  it 
tests  the  cull  hypetheses  that  there  is  no  correlation 
between  the  variables.  If  the  value  of  the  F  statistic  is 
higher  thax  the  critical  value,  which  is  determined  by 
degrees  cf  freedon  and  confidence  level,  then  the  null 
hypothesis  rejected.  If  it  is  lower,  then  the  null 
hypothesis  cannot  be  rejected.  In  general,  high  F  values 
indicate  a  strong  correlation  and  low  values  show  a  weak 
correlaticn  £Bef.  10 > 
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fig  or  «  4.3  Bxaapla  of  a  SAS  Prograa. 
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Ibis  statistic  is  used  to  exaaine  tbs  linear  rela¬ 


tionship  between  the  variables  of  a  regression.  l  perfect 
relaticnsbip  would  result  in  a  value  of  1,  while  nc  rela¬ 
tionship  would  produce  a  value  of  0.  Ibis  statistic  can  be 
interpreted  as  a  percent  of  total  variation  of  tbe  dependent 
variable  that  is  defined  by  tbe  independent  variable, 
loraally  in  tine  series  data  with  large  saaples,  B-sguare 
values  cf  .90  or  aore  are  coaacn. 

(*1-T)2 

n-  l 

where  1  is  the  value  cf  I(i)  estinated  froa  tbe  regression 
eguatica.  [Mf.  11]. 

2.  klili 

Ibis  is  a  test  of  tbe  hypothesis  that  tbe  regression 
coefficients  egual  zero.  Ibe  statistic  used  for  this  test 
is  the  t-statistic: 


where:  b  is  the  estinated  coefficient  and 

SE 


If  t  is  greater  than  the  critical  value  for  tbe  test,  then 
the  coefficient  b  is  non-zero.  If  t  is  less  than  the  crit¬ 
ical  value,  then  tbe  coefficient  eguals  zero,  and  the  null 
hypothesis  that  the  coefficient  has  no  significance  is 
accepted  (Bote  that  fer  this  single  variable  case  t-sguare 
eguals  I)  [fief.  12]. 


«•  Sa&ttteisat  st  laskittss 


Ihis  is  the  ratio  of  Standard  Error  (SE)  to  the  scan 
cf  the  sanple  X*s: 


X  100 


Although  the  reliability  of  this  expression  is  subject  to 
the  ccntext  of  its  use#  values  of  CV  are  expected  to  he  as 
saall  as  .10  to  .20  £Bef.  13]. 

5.  Ere diction  Interval 

Ihis  is  an  expression  of  confidence  that  a  predicted 
value  Mill  he  within  a  pair  of  values.  Ihus  it  can  he  said, 
for  exasple,  that  the  attrition  rate  for  1984  will  be  within 
•12  and  .13  with  95  percent  confidence  £Bef.  14]. 

6-  A]iSS£Qi£S±&SiSB 


Eependence  cf  the  value  of  one  variable  cn  the 
values  of  the  sane  variables  preceding  it  in  tine.  lor 
cxanple,  the  dependence  of  1984  uneaployaent  on  1983  uncs- 
ployaent  weald  be  first  order  autocorrelation.  Ihc  degree 
cf  autocorrelation  is  aeasured  by  the  autocorrelation  coef¬ 
ficient  ihc,  p.  if  p»o  there  is  no  autocorrelation.  lor 
positive  or  negative  autocorrelation  the  values  of  p  are 
positive  or  negative.  In  this  paper  the  tern  serial  corre¬ 
lation  is  used  interchangeably  with  autocorrelation 
£Bef.  15]. 


7-  SJUttAziStSQJB  last 


Ihis  test  icasures  the  degree  autocorrelation. 
Cospaxiscn  with  tables  will  indicate  whether  the  statistic 
is  significant  or  net.  Talues  of  2.90  indicate  no  serial 
correlation.  Per  purposes  of  this  paper,  existing  tables 


had  tc  ha  cat an dad  ty  linaar  aztcapolation  to  cover  snail 
taifla  sizes.  Zha  result lag  taats  are  as  follovs: 

lor  negative  autocorrelation; 

Be:  Bo  negative  autocorralation 
Beject  if  OB  <  4-dl 
Accapt  if  da  <  OB  <  4-du 
Inconclusive  if  «-du  <  OB  <  H-dl 

for  positive  autccoriclation: 

Be:  Bo  positive  auto  correlation 
Bajact  if  OH  <  dl 
Accapt  if  OH  >  da 
Inconclusive  if  dl  <  OH  <  da 

Bala as  cf  da  and  dl  for  this  problea  ara  1.28  and  .92 
respectively  [Bef.  16*. 

S.  ZIZZCIS  OF  SAAP1Z  SZ21  OB  BB6BBSSI0B 

As  previously  sectioned,  in  the  construction  of  this 
■odal  there  ware  tvo  significant  problea  areas.  Beth  preb- 
laas  axe  a  result  of  the  lack  cf  data  points.  In  pexfcraing 
linear  regression,  the  larger  the  saaplc  size  the  greater  is 
the  possibility  that  the  relationship  indicated  by  the  nodal 
is  a  statistically  valid  one.  An  B-sguare  of  .90  with  cne 
thousand  data  points  is  far  aore  likely  to  be  a  valid  nodal 
than  a  todcl  with  the  saaa  B-sguare  and  only  seven  data 
points.  In  a  tisa  series  aodal,  for  instance,  a  relationship 
that  fits  the  data  veil  over  fifty  years  is  far  aore  likely 
to  be  valid  than  one  that  fits  over  tan  years.  Ihus,  this 
sodal  uith  caly  saver  data  points  has  obvious  guestiens  of 
validity  ahich  only  additional  data  vill  be  able  tc  ccnfiza. 

Ihe  sac end  ccaseguence  cf  the  saall  saaple  sizes  is  the 
restriction  that  auat  be  placed  on  introducing  additional 


variables  to  the  aodel.  It  is  unlikely  that  the  variable  01 
explains  all  oi  tie  variation  in  the  attrition  sate. 
Intuitively,  there  sost  be  other  factors.  Unfortunately, 
with  a  siall  sasple  size,  there  is  a  tendency  fer  aodel 
statistics  such  as  the  F  value  and  B-sguare  to  iaprove 
serely  by  the  additics  of  a  variable  or  two  without  these 
variables  also  having  a  significant  effect  on  the  aodel's 
description  of  reality.  For  instance,  B-sguarc  will 
increase  to  one  if  six  variables  are  added  to  a  aodel  with  a 
sasple  size  of  six.  This  is  a  result  of  the  set hod  by  which 
S-sguare  is  calculated.  thus  to  ensure  that  an  accurate 
aodel  is  produced,  the  nuaber  of  independent  variables  has 
been  lisited  to  cne,  despite  the  fact  that  there  are  ether 
variables  that  have  significance  both  intuitively  and 
statistically  and,  in  general,  the  aodel  is  iaproved  by 
adding  ties. 

I.  £11 F1CG1HBS  BITS  AOTOCGBBIIAXIOI 

Ihe  preblea  of  autocorrelation  was  encountered  in  feur 
of  the  acdcls.  This  is  nor sal  in  tine  series  data  and  in 
large  data  sets  there  are  standard  procedures  that  atteapt 
to  rcaovc  the  autocorrelation.  In  the  case  of  snail  data 
sets,  hewever,  the  procedures  are  soaetiaes  not  effective 
and  produce  results  which  are  subject  to  guestion.  Ihe 
presence  of  autocorrelation  does  nothing  to  haaper  the 
aodel's  predictive  consistency,  but  it  does  cause  the  esti- 
sate  cf  standard  errer  to  be  biased  £Bef.  17].  The  gcal  of 
any  procedure  intended  to  correct  autocorrelaticr  is  to 
produce  residuals  which  are  uncorrelated  and  thus  satisfy 
the  independence  assuiption  of  least  sguares  linear  regres¬ 
sion.  The  results  cf  these  aodels  with  their  evalnatcry 
statistics  are  shown  below  in  Table  III. 


lie  procedure  used  involved  estimating  the  serial  ccrze- 
laticn  coefficient  using  the  Hildreth-Iu  procedure.  The 
Bildzeth-lu  procedure  is  a  grid  search  sethod  of  detersining 
the  optisal  serial  ccrrelaticn  coefficient  by  cosputing  the 
sus  cf  sguared  residuals  for  a  series  of  possible  values  of 
the  serial  correlation  coefficient.  Values  of  the  grid 
range  frea  1.0  to  -1.C  in  gradations  of  .1,  including  rero. 
Ihe  optisal  value  of  the  correlation  coefficient  is  then  the 
cne  that  produces  the  ainiaus  value  of  the  residual  sua  of 
sguares  resulting  free  the  regression  using  the  general 
differencing  procedcre  (see  below)  for  each  correlation 
coefficient.  The  optiaal  value  of  the  correlation  coeffi¬ 
cient  to  the  one-hundredths  place  aas  then  deterained  by  a 
second  grid  search  covering  an  egual  distance  to  either  side 
cf  the  initial  point.  if ter  deteraining  the  optiaal  eati- 
aatc  of  the  serial  correlation  coefficient,  the  general 
differencing  procedcre  (Bef.  18]  aas  used  to  applp  this 
factcr  tc  the  regression  aodel  in  the  fora: 

I*  -  Bo ( 1-p] -B1  (it*) 

where: 

I*  *  It  -  p(It-1) 

X*  «  It  -  p(Xt-1) 

and  p  *  serial  correlation  coefficient 
Xt-1  *  previous  jear*s  uneaplojaent 
Xt  *  follow-on  pear's  uneaplopaent 
X*  *  attrition  rate  prediction  for  follcv-on  pear 

Ihe  results  of  this  procedure  are  discussed  is  the 
following  section  and  are  presented  with  their  statistics  in 
table  111.  Cospar irons  of  the  eguations  arrived  at  by 
general  differencing  versus  the  original  eguations  are  found 
in  Appendix  B.  Is  three  of  the  four  cases  the  aodel 
produced  by  the  general  differencing  was  superior  to  the 


original  icdel  both  in  the  Durbin-Hatson  statistic  as  sell 
as  ia  the  other  seassxes  of  a  sodel's  validity  (it  is  noted 
that  after  general  differencing  the  noraal  distribution 
theory  for  linear  sodels  no  longer  holds) . 

I.  flBIIlCmOI  Of  E1GBESSIG1  ASSUBPTIOBS 

After  each  scdel  was  selected,  the  residuals  sere  € ran¬ 
ine  d  fee  ncxnality  axd  independence.  Despite  the  fact  that 
these  or  any  proceduxes  are  relatively  inaccurate  fer  saall 
saaple  sizes,  nor sal  plots  Here  used  together  with  the 
Shapirc-Silk  statistic  to  verify  noraality.  The  results  of 
these  tests  generally  indicated  noraality.  Those  results 
(3)  that  Here  inconclusive  or  weak  involved  the  acdels  on 
uhich  general  differencing  vas  used.  The  use  of  this  proce¬ 
dure  caused  the  loss  cf  one  aore  data  point  and  thus  the 
probable  weakening  of  the  tests.  Constant  variance  of  the 
residuals  was  established  by  the  exaaination  of  plots  of  the 
residuals  against  the  estimated  attrition  and  the  indepen¬ 
dent  variable,  vhile  independence  was  established  by  the  use 
cf  the  Di  statistic  aid  graphical  aethods. 

0.  BCDEI  ¥  MI  ABIES  HE  COBIflCIIETS 

Table  IV  is  a  tabular  presextation  of  each  aodel*s  inde¬ 
pendent  variable  vitb  it's  coefficients.  Bhere  a  value  for 
Bho  appears  in  the  right  hand  coluan  general  differencing 
was  used  tc  achieve  the  final  aodel.  The  statistical 
gnality  cf  each  aodel  is  discussed  in  detail  below. 

B.  AifllCAlIOB  Of  SUIISTICA1  TESTS  TO  THE  B0DE1 


The  following  is  a  grade-by-grade  analysis  of  the  sodel 
based  on  the  test  statistics  provided  by  the  SAS  output. 
The  fcllcving  discussion  will  refer  to  Table  ¥  concerning 


TA£LI  XII 

HESOLTS  OF  GE1EBA1  DIIFEBEHCIMG  PBOCEDOBE 


E 

(2) 

f 

(3) 

ta 

(4) 

tb 

(5) 

OR 

(6) 

CV 

(7) 

.<7 

130 

23.4 

-11.4 

2.78 

.04 

.73 

10.9 

6.0 

-3.3 

2.  33 

.27 

.  $9 

281 

45.3 

-16.8 

2.96 

.02 

.53 

4.5 

5.7 

-2.  1 

1.70 

.32 

fiark/coap 

Major 

Ground 

Major 

iviaticn 

Captain 

Total 

lieutenant 


(1)  lie  independent  variable  used  in  the  regression. 

(2)  E-sguared  value 

(3)  E  statistic 

(4) «  (5)  t  statistic  for  coefficients  a  and  b 

(6)  Cur tin- Rat son  statistic 

(7)  Coefficient  ci  Variance 


the  statistical  tests  of  the  aodel.  The  results  c t  the 
coapariscn  cf  the  general  differencing  aodel  and  the  orig¬ 
inal  aodel  are  included  in  Table  V.  Coluans  are  identified 
and  explained  beneath  the  table. 


TABXI  ZT 

BO CEL  VAfilABLZS  AID 

COBEFICIEMTS 

fianb/cccp 

Variable 

a-coeff 

b-coeff 

Bho 

xtcci  -  — 

Aviation 

OH 

.238 

-4.078 

- 

Gzcund 

OH 

.  199 

-3.000 

- 

Ictal 

OH 

•  2C8 

-3.194 

- 

Major 

Aviation 

OH 

•  C49 

-1.784 

.49 

Gicund 

OH 

.  251 

-2.677 

-.67 

Ictal 

OH 

.  140 

-2.637 

- 

Captain 

Aviation 

OH 

.  294 

-5.625 

- 

Gzcund 

OH  1 

.  133 

-1.678 

- 

Ictal 

OH 

.  136 

-2.394 

.23 

lieutenant 

Gzcund 

OH 

.  0597 

-2.342 

.72 

1 

1  •  ilSJ&SJB&fii  £ SiSfifilS 
a.  Aviation. 

The  aviation  aodel  for  Lieutenant  Colonel  vas 
negatively  affected  by  the  unnatural  retention  of  officers 
in  this  grade  resulting  froi  the  enactaent  of  Aviation 
Officers  Continuation  pay.  The  attrition  rate  of  aviation 
lieutenant  Colonels  dxopped  aore  than  fifty  percent  frci  the 
year  before.  iith  the  aodification  of  this  value  to  reflect 
the  absence  of  those  officers  electing  the  continuation  pay. 
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STATISTICAL  AHA1ISIS  OF  THE  HODEI 


Var 

E 

F 

ta 

tb 

DH 

CV 

fiarJc/coap 

(D 

<2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Ifccl - 

— — 

— 

— — 

— — 

— 

— 

Aviation 

U  8 

.54 

5.8 

5.0 

-2.4 

2.06 

.  2  C 

Ground 

OH 

.66 

30 

13 

-5.5 

1.75 

.  C7 

Total 

OH 

.76 

18 

10 

-4.2 

2.06 

.OS 

Ha  jcr 

Aviation 

OH 

.73 

11 

6.0 

-3.3 

2.33 

.27 

Ground 

OH 

mil 

131 

23 

-11 

2.78 

.04 

Total 

OH 

.68 

36 

11 

-6.0 

1.39 

.10 

Captain 

Aviation 

OH 

•  S8 

302 

33 

-17 

2.00 

.03 

Ground 

OH  1 

.76 

16 

12 

-4.0 

2.31 

.06 

Total 

OH 

.68 

36 

16 

-6.0 

-  9C 

.05 

lieutenant 

Ground 

OH 

•  66 

6.2 

6.0 

-2.5 

.65 

.15 

(1)  The  independent  variable  used  in  the  regression. 

(2)  E-sguared  value 

(3)  I  statistic 

<4)-(5)  t  statistic  for  coefficients  a  and  h 

(6)  Curbin-Hatsor  statistic 

(7)  Coefficient  of  Variance 


who  otherwise  would  have  attrited,  the  aodel  would  ia prove 
iaaensely.  Unfortunately  these  officers  are  iapcssible  to 
identify.  As  acre  data  is  developed  the  inclusion  of  a  pay 
variable  in  this  aodel  aay  increase  its  efficiercy.  An 


additional  consideration  in  explaining  the  drop  in  attrition 
is  the  si i fie  fact  that  Lieutenant  Colonels  are  the  rank 
group  scat  severely  affected  by  a  poor  econoay  if  they  leave 
the  service.  This  is  because  the  typical  lieutenant  Colonel 
is  sarzied  with  two  college-age  children  and  a  large  hcae 
■ortgage.  Ihe  aodel  is  significant  at  the  .93  level  and  the 
Durbin-Ratson  statistic  of  2.06  indicates  that  there  is  no 
serial  correlation  pzesent  in  the  residuals  since  2.06  > 
4-dl  and  2.06>du  for  negative  and  positive  serial  correla¬ 
tion  ,  respectively. 

1.  Ground. 

is  can  he  seen  in  the  table,  the  statistics 
evaluatizg  this  sodel  indicate  that  it  is  an  accurate  aodel 
despite  the  paucity  cf  data.  The  aodel  is  significant  at 
the  .99  level  as  are  the  a  and  b  coefficients.  The  coeffi¬ 
cient  of  variation  is  less  than  .1  and  the  Durbin-Hatson 
statistic  indicates  that  there  is  no  significant  autocorre¬ 
lation  present. 

c.  Total. 

This  aodel  is  a  ccaposite  of  aviation  and  ground 
coapcnents  and  the  statistics  react  accordingly.  All  worsen 
except  the  Durbin- a at son  statistic  which  at  2.06  indicates 
no  significant  serial  correlation. 

2-  laJsi 

a.  Aviation. 

The  saac  difficulties  encountered  in  aodeling 
aviation  Lieutenant  Colonels  were  encountered  with  Bajcrs. 
Again,  a  large  proportion  of  Bajors  who  would  norsally 
attritc  accepted  Aviation  Officer  Continuation  fay  (AOCf) 
and  did  not  leave  the  service  in  1982  and  1983. 


ldditicnally,  Bajoxs  who  reached  retirement  eligibility 
because  cf  prior  enlisted  service  chose  to  wait  until  their 
aandatcry  retires©  nt  joint  at  twenty  years  c£  coasissioned 
service  because  of  the  poor  state  of  the  econoay.  The  F 
statistic  is  significant  at  the  .95  level  as  are  the  t 
statistics  for  both  ccefficients.  The  coefficient  of  varia¬ 
tion  is  fairly  good  at  .21  ccapared  to  the  .10  tc  .20 
norsally  desired.  This  value  is  consistent  with  the 
B-sgnare  of  .60.  In  this  case  a  pay  variable  that  tcck  into 
consideration  the  effect  of  10CP  sight  be  a  valid  seccnd 
independent  variable  to  be  included  as  the  size  of  the  data 
set  increases.  The  lurbin-Hatson  test  indicates  that  there 
is  pcsitive  serial  ccrrelaticn  present  in  the  residuals. 
The  general  differencing  procedure  was  used  on  this  acdel, 
and  the  result  was  a  sodel  which  was  vastly  superior  statis¬ 
tically  with  no  serial  correlation. 

1.  Ground. 

The  relation  between  ground  Hajor  attrition  and 
unesploysent  is  cuitc  strong  with  an  R-sguare  of  .82  and  a 
coefficient  of  variation  of  .11.  Both  the  a  and  b  coeffi¬ 
cients  are  significart  at  the  .99  level  and  the  F  statistic 
at  22.9  is  also  significant  at  the  .99  level.  The 
lurbin-Hatscn  test  is  inconclusive  suggesting  that  the 
correlaticn  of  the  errors  is  due  to  the  a utocor relation  of 
the  independent  variable  and  not  the  correlation  of  residual 
teras.  The  result  cf  using  general  differencing  on  this 
■odel  was  tc  greatly  iaprove  its  evaluatory  statistics.  The 
£H  statistic,  however,  only  iaproved  fros  2.89  to  2.78. 
This  was  enough,  however,  to  accept  the  hypothesis  cf  no 
negative  cr  positive  serial  correlation  in  the  aodel. 


c.  Total 


This  aodel  is  tetter  than  its  individual  avia¬ 
tion  and  ground  coapc  rents.  Its  fi-sguare  is  high  at  .  8£  and 
the  I  and  t  values  fcx  both  coefficients  are  significart  at 
the  .S9  level.  Sith  a  Durbin-fiatson  value  of  1.39,  the  null 
hypothesis  cf  no  serial  correlation  is  not  rejected.  Also 
■eeting  acceptable  standards  is  the  Ion  value  of  CV  at  .10. 

3.  iaptain 

a.  Aviation. 

Although  attrition  rates  dropped  by  alsost  forty 
percent  in  1982  and  1S83  froa  1981,  the  aodel  still  fits  the 
data  entzesely  veil  since  the  reduction  in  attrition  due  to 
AOCP  occurred  at  the  saae  tine  as  the  last  rise  in  unetploy- 
sent  rates.  A  check  of  Table  V  shows  that  all  statistics 
are  significant  at  the  .99  level  and  the  Durbin-Hatson 
statistic  is  2.00,  indicating  the  absence  of  serial 
correlation. 

i.  Ground. 

The  B-sguaze  for  ground  captains  indicates  a 
relatively  good  fit  cf  the  data.  The  F  statistic  is  signif¬ 
icant  at  the  .99  level  as  are  the  t  statistics  for  each 
coefficient.  The  cccfficient  of  variation  is  exceptionally 
good  at  .06.  The  Duxbin-Batscn  statistic  of  2.50  indicates 
the  ahserce  of  significant  serial  correlation  since  du  < 
2.50  <  4— du. 

c.  Total. 

Based  on  the  relevant  statistics  the  original 
aodel  was  effective  except  that  the  Durbin-Ratson  statistic 
cf  .SC  is  slightly  less  then  the  dl  of  .92  indicating  the 
possible  presence  of  positive  serial  correlation.  The  OH 
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statistic  resulting  iroa  the  general  differencing  was  incon¬ 
clusive  as  to  the  presence  of  positive  or  negative  serial 
correlation  although  the  aodel  itself  was  vastly  improved 
ever  the  original. 

<»• 

Is  described  in  previous  chapters,  this  grade  is 
difficult  tc  aodel  since  only  a  liaited  nuaber  of  officers 
are  aliened  to  reaain  in  service.  Thus,  effects  due  to 
uneaplcysent  are  aashed  by  the  large  nuaber  of  officers 
attriting  siaply  because  there  is  no  reguireaent  fer  thea  in 
the  H arise  Corps.  Ccrrespcndingly,  this  aodel  is  poor  in 
its  esplanation  of  the  variance  of  the  data  neasured  by 
B-sguare.  The  I  statistic  was  significant  at  the  .S4  level 
as  uas  the  t  statistic  for  the  beta  coefficient  while  the 
alpha  coefficient  was  significant  to  the  .99  level.  These 
statistics  were  alsc  subject  to  guestion  because  of  the 
presence  cf  positive  serial  correlation  indicated  by 
Eurbin-Ratscn  statistic  of  .70.  General  differencing 
produced  a  slightly  worse  aodel  with  a  lower  B-sguarc  and 
less  significant  F  and  t  statistics  (.90  level).  Serial 
correlation,  however,  was  eliainated  as  evidenced  by  the  DR 
statistic  value  of  1.70. 


f.  BIS PITS  i|£  COICIOSIOBS 


1.  BCII1  CCHP1B1SOIS 

Previous  efforts  by  Headquarters  flarine  Corps  (HfiflC)  had 
used  as  averaging  process  to  ccapute  officer  attrition  esti¬ 
mates  needed  for  planning  purposes  in  the  following  pear. 
Ihe  results  of  this  process,  which  was  serely  a  sub  of 
previous  six  years  ci  attrition  divided  by  six,  was  then 
sodiiied  up  or  down  depending  on  the  intuition  of  the 
responsible  officer  regarding  treads  in  officer  retention, 
lor  exaaple,  a  severe  recession  sight  result  in  the  total 
being  reduced  by  an  arbitrary  percentage  if  the  responsible 
officer  was  of  the  opinion  that  econoaic  factors  would  slow 
down  attrition. 

Is  can  be  iaagised,  this  aetbod  was  inaccurate  in  the 
sense  that  it  would  lag  the  current  rate  because  of  the 
dependence  on  previous  years*  rates.  Additionally  it  would 
not  be  able  to  predict  the  critical  turning  points  in  the 
trend  of  officer  attrition  as  well  as  not  being  able  to 
indicate  extreaes.  lable  VI  presents  a  coapariscn  cf  the 
averaging  aethod  with  the  results  of  the  linear  regression 
aodels  developed  in  this  research  for  the  year  FT  1983  and 
FT  19€4.  The  third  colunn  contains  the  actual  attrition 
figures  for  1983.  Ihe  fourth  and  fifth  coluans  show  the 
percent  errer  fer  tbc  average  and  1983  regression  aodel*s 
predicticns  for  1983  respectively.  Ihe  sixth  coluan  gives 
the  1984  regression  aodel  predictions  for  1984.  The 
disparity  between  tbe  averaging  aethod  and  what  actually 
happeccd  in  1983  is  a  result  of  trends  in  attrition  which 
averaging  cannot  predict.  These  trends  are  caused  by  a 
variety  cf  factors  such  as  the  econoay,  ailitary  pay,  and 
ailitary  policies  such  as  flight  bonuses. 
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TABU  VI 

COBPAAISOI  CP  BODEL  BESQLTS 


Bank 

Be||. 

X  Error 

ill! 

X  Error 
Beg 
1983 

Begress 

B$$cl 

1964(2) 

11CC1 

177 

152 

127 

39.4 

19.7 

152 

BAJCi 

166 

149 

146 

27.4 

2.  1 

164 

CAP1 

452 

377 

392 

15.3 

-3.8 

407 

1  £1  II 

525 

416 

396 

32.6 

5.1 

425(2) 

(1)  Dees  actual  value  fox  01  (.035)  in  1983.  Both  the 
1S63  and  1983  aodels  use  1982  average  strength. 

(2)  Assuies  OH*. 035  and  updated  coefficients  for  1982. 

(3)  Includes  average  annual  aviation  Lieutenant 
attrition  of  20  per  jea x. 


Ihe  ccaplete  attxition  aodel  is  presented  in  table  IV  of 
Chapter  feux  and  is  in  the  foxs  of  eleven  regression  rela¬ 
tions  and  includes  the  nodifications  resulting  froa  general 
diffexencing.  Ihe  eguations  sere  Maintained  in  this  fern 
for  siiplicity  of  use  hy  HQBC. 

E.  ff ICICI 101  I IT EH 111S 

Prediction  intervals  provide  a  zone  of  confidence  within 
which  it  can  be  claiaed  that  a  result  will  lie  with  95 
percent  probability  £Bef.  19].  Predicticn  intervals  are 
shown  graphically  by  the  solid  lines  on  either  side  cf  the 
straight  regression  line.  Ihe  graph  shewn  is  fer  lotal 
lieutenaxt  Colonel  attrition  versus  the  uneaployaent  vari¬ 
able  01.  All  cthex  predicticn  interval  graphs  appear  in 
Appendix  E. 
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SCATTCROL0T:  ITCOL(CNO)  ATTRITION  VS  M/A  UNEMPLOYMENT 
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Figaro  5.1  Pro diet ion  Intervals. 

C.  £113121 1ITX  AI1L1SIS 

Sensitivity  analysis  is  tie  procedure  by  which  tie  codel 
is  tested  tc  deter nice  its  reaction  to  various  input  values, 
lable  VII  reflects  tie  general  trend  of  the  econoay  for  1S84 
nith  tost  cf  the  values  fer  uneaployaent  (OH)  decreasing 
fron  1S63  *s  .035.  llso  shown  in  the  first  two  ccluans  are 
the  results  for  1984  if  uneaployaent  increases.  Ihe  sodel 
attriticr  rates  are  relatively  insensitive  to  change  as  a 
•001  change  in  Oceaployaent  produces  only  five  acre 
lieutenant  Colonel  attritiors.  Likewise  a  change  froa  .035 
to  .032  in  uneaployaent  reaults  in  an  additional  fourteen 
attriticra.  (This  data  was  calculated  by  aultiplying  1S84 
estiaated  lieutenant  Colonel  strength  by  the  change  in  the 
attrition  rate.)  This  is  acre  significant  and  represents  an 
eleven  percent  increase  froa  FI  1983. 


TAIL!  TIZ 

SIISITI1III  AIA1I SIS  OF  1984  HOPEI 


fiank/Cctp 

Possible 
.0  37  .  0  3  6 

'fill* 

of  OH 
.034 

for  1984 
.033 

.032 

Ictal 

Itccl 

.0897 

.  C929 

.0961 

.0993 

.  1025 

.1057 

flajox 

.0424 

.C451 

.0477 

.0504 

.0530 

.0556 

Capt 

Ground 

.  0892 

.C910 

.0929 

.0947 

.0966 

.0984 

Itccl 

.0860 

•  C910 

.0940 

.0970 

.1000 

.1030 

Hajor 

.0440 

■  C485 

.0530 

.0575 

.0619 

.0664 

•  W  fv  1  I  8  | 

it 

.  1384 

.1391 

.1397 

.14  04 

.  1410 

.  1417 

Aviation 

Itccl 

•  0836 

.C880 

.0924 

.0967 

.1011 

.1055 

Hajor 

.0332 

•  C341 

.0350 

.0359 

.0368 

.0377 

Capt 

.0880 

.0910 

.0940 

.0970 

.1000 

.  1030 

(1)  Since  captain  ground  defends  on  the  lagged 
variable  011  (.935)  there  Is  only  one  #alu< 
I re  dieted  for  1984. 


£.  CCSC10S10H 

Eased  cn  the  results  enunciated  in  the  foregoing  para¬ 
graphs  it  can  he  concluded  that  econosic  factors  were 
significant  variables  in  the  attrition  of  Barine  Officers 
during  the  period  1977  to  1983.  The  econosic  factcr  acst 
important  in  deterrining  attrition  is  unesploysent.  A 
second  significant  factor  say  be  pay.  As  sore  attrition 
fata  is  ccapiled  these  conclusions  say  well  be  strengthened 
if,  as  predicted,  the  econosy  continues  to  strengthen,  and 


initial  reports  cf  increased  officer  attrition  continues  to 
hold  true  through  tha  reaainder  of  FI  1984.  These  trends 
can  also  ha  affected  by  aarageaant  policy  such  as  the 
authorization  of  bonne  payaents  as  in  the  case  of  ACCI  for 
Barine  Aviators.  As  explained  in  Chapter  Four#  ACCP#  in 
conjunction  with  a  crippled  econoay#  had  a  significant 
effect  or  aviation  attrition#  reducing  the  totals  by  alacst 
fort;  percent.  An  attenpt  was  Bade  to  develop  guarterly 
aodels  and  ty  this  icthod  have  sore  data  points  available# 
hut  the  aodels  had  little  correlation  with  officer  attri¬ 
tion.  This  was  intuitively  understandable  since  officer 
attrition  Mill  alaost  aluays  occur  around  the  suaaer  acnths 
for  a  variety  of  parscnal  factors.  This  is  not  a  result  of 
uneaploycent  but  siaply  a  function  of  uhen  school  vacations 
begin  and  officers  are  noraally  coaaissicncd. 
Eecoasendations  for  further  study  center  around  proaction 
potential  coupled  uith  uneaployaent  as  a  significant  indi¬ 
cator  cf  an  officer's  intenticns  at  the  breakpoints  of  his 
career  in  a  binary  chcice  aodel. 


Vvr>.‘ 


l£iil£lZ  h 

SCATT1B  PICIS  AID  CCflPABISOV  01 AG B AH S 

Ike  following  graphs  are  the  scatter  plots  and  c capar¬ 
ison  diacrass  for  all  rank/ccaponents  included  in  the  acdcl. 
H any  ether  plots  of  these  types  were  done  for  all  of  the 
varieties  considered  to  include  rates  of  change  of  the  vari¬ 
able  hut  are  not  included  because  of  the  lack  of  space. 
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SCATTER  PLOT:  MAJOR  (TOT)  ATTRITION  VS  M/A  UNEMPLOYMENT 
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CAPTAMfTOT)  ATTRITION  AN 0  M/A  UNEMPLOYMENT  VS  YEAN 
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SCATTERPlOT:  MAJOR(CND)  ATTRITION  VS  M/A  UNEMPLOYMENT 
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lAJOR(GND)  ATTRITION  AND  M/A  UNEMPLOYMENT  VS  YEAR 


figozc  1.5  Ground  Majors 
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ATTRITION  UNEMPLOYMENT  CAPTAIN  ATTRITION 
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Figaro  1.7  Cicand  Li«at«aaats. 
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SCATTERPLOT:  MAjOR(AVN)  ATTRITION  VS  M/A  UNEMPLOYMENT 


MANACERIAL/AOMINISTRATIVE  UNEMPLOYMENT 


AAJOR(AVN)  ATTRITION  AND  M/A  UNEMPLOYMENT  VS  YEAR 


YEARS 


SCATTERPIOT: 


CAPTAIN(AVN)  ATTRITION  AND  M/A  UNEMPLOYMENT  VS  YEA 
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GZHBBA1  DIFFZBZHCIHG  EQOATIOHS 

A.  flCDII  ZQUA3IOHS  BZSOLIIHG  FBOH  GEHEBAL  BIE FIBEBC1HG 
fSOCZSOfilS. 

llssisaasi  sisjleJ- 

j  *  <.143  x  mil)  *  .0597  -  2.342  X  <0Ht  -  (.72  x 

OHt-1)) 


s-  fiailai fi  is ial- 
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E.  CCBf AB2S0B  Of  OBlGIlUi 


la  tie  following  table  tie  original  models  are  composed 
with  the  ao dels  resulting  frca  general  differencing.  Ho del 
1  statistics  are  frox  the  original  Model  while  Model  2  indi¬ 
cates  the  general  differencing  aodel.  Is  can  he  seer  all 
aodels  ixpzcve  except  the  lieutenant  ground  aodel. 


TABLE  Till 

BE SUITS 

Of  6BISBA1 

Biff BBEMC IMG 

Baxk/ccsf 

Model 

B 

I 

ta 

tb 

OB 

C¥ 

It  (gnd) 

1 

.56 

6.2 

6.0 

-2.5 

.6  5 

.15 

2 

.53 

4.5 

5.6 

-2.1 

1.70 

.32 

Cap  t  (tot) 

1 

.88 

36 

16 

-6.0 

.90 

.05 

A 

.99 

281 

43 

-17 

2.60 

.02 

Major  <aw) 

1 

.60 

7.6 

5.2 

-2.8 

.71 

.21 

2 

.73 

11 

6.0 

-3.3 

2.33 

.27 

Ma  jcr  (gndj 

1 

.82 

23 

9.7 

-4.8 

2.89 

.11 

4, 

.97 

131 

23 

-11 

2.78 

.04 

k iumi  £ 

ISBDICT1C1  I  ITS  EVILS 

The  following  figures  show  the  prediction  interval 
diagrans  fez  the  nodels  of  all  ranks  and  cosponents.  is  was 
expected  frea  the  nodel  data  some  of  the  nodels  are  poor 
regarding  their  variation  in  predicted  rates.  On  these 
aodels  where  the  prediction  intervals  are  too  large  to  be 
shown  witheut  expanding  the  scale  they  are  not  shown,  these 
aodels  ir  which  general  differencing  was  used  follow  the 
criginal  acdel. 
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MANACCRIAL/AOMtNiSTRATfVt  UNEMPLOYMENT 


SCATTERPLOT:  CAPTAIN(AVN)  ATTRITION  VS  M/A  UNEMPLOVME 


Figure  C. 10  Captain  Aviation. 


Figure  C.11  Captain  Total. 
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